Birth weight (BW) has effects on blood pressure (BP). In order to explore the effects of macrosomia on BP in childhood and in adolescence, a longitudinal cohort study was conducted in Wuxi, China. Subjects with BW X4000 g, born in 1993-1995, were the exposed group; the unexposed comparisons were matched by year of birth and sex of infant, with BW of 2500-4000 g. Follow-ups in 2005-6 and 2011-12 were conducted, and height, weight and BP were measured by trained doctors. Multi-mixed models in SAS were used to control for repeated measures to explore the effects of fetal macrosomia on BP. At the inception of the cohort, 1595 pairs of participants were recruited. At the end, 1112 in the exposed group and 1126 in the unexposed group finished both follow-ups. Among adolescents, mean (s.d.) of systolic BP (SBP) was 110.83 (9.43) mm Hg, which was statistically significantly higher than that in the unexposed group (mean ± s.d.: 109.33 ± 9.26) mm Hg (P ¼ 0.0002). After adjusting the repeated measures and birth year, sex, mother's occupation and delivery age, adding weight during pregnancy, hypertension during delivery, gestational age and parity, being a picky eater in childhood, the macrosomia group had higher SBP than the normal BW group; the parameter estimate value was 1.03 (s.e. ¼ 0.30). When BMI in childhood and BMI in adolescence were added in the multi-model, the estimated b was 0.71 (s.e. ¼ 0.29). No statistically significant effect of macrosomia was found on diastolic BP among adolescents in the multianalysis.
INTRODUCTION
High blood pressure (BP) or hypertension is a global modifiable health risk factor for early disability and death, affecting both developed and developing countries. 1 According to World Health Organization (WHO), 62% of cerebrovascular disease and 49% of ischemic heart disease cases can be attributed to suboptimal BP. 2 It is now established that high BP is detectable in children and adolescents, and is increasing in prevalence. 3, 4 In the USA, the mean BP values in children have been increasing. Data from the National Health and Nutrition Examination Surveys (NHANES) showed that mean systolic BP (SBP) and diastolic BP (DBP) increased by 1.4/3.3 mm Hg from 1988-1994 to 1999-2000 (Po0.001 for both SBP and DBP increases). 4 Many studies have been conducted, and they have found that birth weight (BW) had some effects on BP from childhood to adulthood, since 'the fetal origin of adult disease' was introduced by Barker 5 in 1986. A systematic review 6 found strong support for an association between low BW and high BP in prepubertal children and adults, but studies of adolescents were inconsistent, and in neonates, there was a positive relationship between BP and BW. It has been suggested that the association between BW and BP is independent of genetic factors. 7 Lower BW is associated with the increased risk of hypertension independent of genetic factors. 8 However, some studies reported no association between BW and BP. A longitudinal study of 250 adolescents who were examined at birth and prospectively re-examined at 11-14 years of age reported non-significant correlation coefficients between BW and all BP measurements. 9 Chiolero et al. 10 also found BW (3.2±0.5 kg) was not significantly associated with SBP and DBP at the ages of 5.5, 9.1 or 15.5 years. In a prospective birth cohort study in Brazil, 11 BW was positively associated with BP at the age of 11 years in crude analysis, but this effect was no longer significant after adjustment for confounders. Multivariable analysis in data from a young working population 12 (BW: 3.36±0.49 kg) showed no association between BW and SBP when adjusted for age, sex, body mass index (BMI), cigarettes and alcohol, and social class among 1158 subjects with a mean age of 32.1 years.
Most of those above studies focused on the linear relationship between BW and BP, where BW was analyzed as a continuous variable. Moreover, the BW in those studies was relatively lower than 4000 g. 6, 8, 9, 10, 12 There were also some studies that considered BW to be categorical data, and some found the U-shaped trend between BW and hypertension or other disease. An evidence of a U-shaped trend was found, with elevated odds ratios for renal failure at either end of BW distribution (o2500 g, X4000 g). 13 Another study found a U-shaped relation between birth size and CAD for women.
14 Low BW (BWo3100 g) and high BW infants (BW X3700 g) had high BP at birth, and BP tended to remain high at 4 years of age. 15 A follow-up study 16 in China found that SBP in childhood had a positive relationship with BW in the macrosomia group, after adjusted sex, but the sample size of macrosomia in this study was very small (n ¼ 78). However, a population-based cohort study comprising 330 768 Swedish men in early adulthood found that in the BW group with 42 s.d. (44579 g at 40 completed weeks), the risk of high SBP was lower (OR ¼ 0.85, 95%CI: 0.80-0.90), compared with those with normal BW ( À 2 to þ 2) for gestational age. 17 Until now, studies' results on the effects of macrosomia or high BW on BP have been inconsistent, even controversial. Meanwhile, a rising trend of BW has been found and an increase of macrosomia incidence has been demonstrated in some developed countries over the past several decades. 18, 19 Furthermore, the macrosomia rate in 1970-1979, 1980-1989 and 1990-1999 was 2.6, 6.9 and 13.2%, respectively, in Yantai area of China. 20 In Harbin, China, the incidence of macrosomia (BW X4000 g) was found to have increased from 8.31% in 2001 to 10.50% in 2005. 21 So, the effects of high BW or macrosomia on BP need to be explored further. A birth cohort study, including fetal macrosomia (BW X4000 g) infants and normal BW (2500-3999 g) subjects matched by sex and birth date, was conducted in Wuxi, China, between 1993-2012. We analyzed the effects of fetal macrosomia on BP in childhood and adolescence.
MATERIALS AND METHODS

Cohort information
The cohort in this study was established during 1993-1995, in Wuxi, Eastern China. After delivery, the eligible neonates were recruited according to the baby's BW. The recruitment criteria of the exposed group included BW X4000 g and single birth. For the unexposed group, single birth of BW X2500 g and o4000 g was selected, matched by sex and birth date ( ± 2months), according to the subjects in the exposed group. The babies whose mother or father had hypertension or diabetes were excluded in both the groups. The parents of all subjects gave informed consent.
At the baseline, a total of 1595 pairs of subjects were recruited. The first follow-up was conducted during October 2005 to September 2006 when those subjects were in childhood. A total of 1415 pairs (2830) of subjects were surveyed and BP was examined in the first follow-up. The follow-up rate was 88.4%. The second follow-up was conducted during June 2011 to May 2012 to be considered as adolescence. There were 1112 in the exposed group and 1126 in the unexposed group who finished the questionnaire survey and BP measure, with a second follow-up rate of 70.2%.
Data collection
Data collection, including structured questionnaires and physical examinations were done by trained doctors working in those fields. Both the follow-up plans were approved by the ethics committee of the Shanghai Institute of Planned Parenthood Research. The subjects gave informed consent and the informed consent documentation was also signed by their parent or guardian.
When the cohort was established, the demographic characteristics of the mother, including age, occupation, education, history of disease (cardiovascular disease, hyperthyreosis, anemia and mental disease), and father's age and history of disease (cardiovascular disease and mental disease), and some information about infants, such as parity, gestational age, BW and birth length, were recorded in the hospital. The questionnaire survey at the double follow-ups included the demographic characteristics of subjects at that time, habits of dietary and physical exercises, and so on.
Measurement of BP, height and weight and gestational age
Sleeve-type mercury sphygmomanometer was used to measure rest BP in the morning by trained doctors of children health care. Methods of measuring BP, as established by WHO, 22 were used and the doctors received formal training in the technique. A suitable sleeve was selected according to the age of the subjects. SBP was determined by the onset of the 'tapping' Korotkoff sounds (K1) and DBP as the fourth Korotkoff sound (for subjects aged o18 years) or fifth Korotkoff sound (aged 18 years). 22, 23 The height and weight in childhood and in adolescence were also measured by a height and weight-measuring instrument and recorded by trained doctors. The gestational age was calculated by the date of first day of mother's last menstrual period and date of delivery in medical records.
Quality control
The addresses and contact information about all 3190 subjects were cleaned up before the first follow-up, and this information was given to the field staff for confirmation in order to improve the rate of follow-up. Moreover, the interviewers were trained in survey skills by the project team, at the two follow-ups. The measuring skills of BP, height and weight were taught by trained professional staff, and the sleeve-type mercury sphygmomanometers used in this study were checked by specially assigned persons.
Statistical analysis
Epidata3.1 was used to input data. Double data entry was carried out by two researchers and a consistency check was conducted. When establishing the cohort at the beginning, the exposed and unexposed groups were matched by sex and birth date, but there were some loss to follow-up. In order to increase the sample size that could be analyzed when comparing between the exposed and unexposed groups, non-matched statistical methods were used. SAS 9.2 (SAS Institute Inc., Cary, NC, USA) was used to analyze the data, and the statistical methods included w 2 test, analysis of variance using generalized linear model (GLM), and mixed linear model to adjust for the repeated measurement of BP. The mean and s.d. were used to describe the BP. w 2 tests were used to compare the percentages of subjects between exposed and unexposed groups.
RESULTS
Demography characteristics
A total of 1112 in the exposed (fetal macrosomia) group and 1126 in the unexposed (normal BW) group was followed up both in childhood and in adolescence. The rate of follow-up was 70.2%. The main reasons for loss of follow-up included address change (71.7%, 683/952), and going to other city for college (22.8%, 217/ 952). A few were lost to follow-up for other miscellaneous reasons (5.5%, 52/952).
The means (s.d.) of BW were 4.12 (0.20) kg in the exposed group and 3.31 (0.33) kg in the unexposed group, respectively. The distribution of sex and birth years between exposed and unexposed groups were not statistically significantly different (P40.05). The mean (s.d.) age was 11.45±0.95 in the exposed group and 11.41 ± 0.96 in the unexposed group, in childhood (P ¼ 0.309). The mean age in adolescence between two groups also had no statistical difference (P ¼ 0.437), specifically, 16.67±0.90 in the exposed group and 16.64±0.91 in unexposed group. Demographic characteristics are shown in Table 1 , and no statistically significant difference was found, except more women of high BW babies gave birth after 42 weeks (13.55% vs 6.34%) (the range of gestational age in this study was from 37-45 weeks).
The delivering age of the mothers was 23.91 ± 4.15 in the exposed group and 23.92±5.00 in the unexposed group, which was not statistically significantly different (P ¼ 0.963). However, the mean weight increase during pregnancy of the mother in the exposed group was 11.80 ± 3.47 kg, which was statistically significantly higher than that of the exposed group (10.97±3.16 kg) (Po0.0001).
Comparison of BP between high and normal BW groups The means (s.d.) of SBP and DBP in the exposed group in childhood were 100.45 (10.57) mm Hg, 65.49 (8.97) mm Hg, respectively. There was no statistically significant difference, Fetal macrosomia and blood pressure among adolescents Y Li et al compared with those in the unexposed group (SBP: 99.81 ± 9.97 mm Hg, DBP: 65.03 ± 8.66 mm Hg). While in adolescents, the mean (s.d.) SBP was 110.83 (9.43) mm Hg, which was statistically significantly higher than that in the unexposed group (109.33 ± 9.26 mm Hg) (P ¼ 0.0002). The DBP in adolescents in the exposed and unexposed groups were 72.10 ± 6.39 mm Hg and 71.58±6.47 mm Hg, respectively (P ¼ 0.055) (Figure 1 ).
More detailed comparison of BP between macrosomia and normal BW groups by sex and age were conducted. The statistically significant differences of SBP between exposed and unexposed groups were found among male subjects aged 11 (P ¼ 0.032) and 17 years old (P ¼ 0.014) ( Table 2) , and among 17 and 18 years old female subjects (P ¼ 0.022, 0.038, Table 3 ). The DBP in the exposed group among 17-year-old female subjects was higher than that of the unexposed group (P ¼ 0.003, Table 3 ).
Multi-analysis of high BW's effects on BP Using the mixed model in SAS software to analysis the data of twice measure, the individual and measure time were treated as random effects. When analyzing, the SBP and DBP were treated as dependent variables, respectively. Firstly, the models including measure time (that is, two times of follow-up), exposed factor (high BW) and the interaction index were fitted, and the results showed that the interaction had no statistical significance. In the model of SBP as a dependent variable, the P-value of interaction index was 0.125, and in the model of DBP as a dependent variable, the P-value of interaction index was 0.894. So, in the next models, only two variables (measure time and exposed factors) were included, and the results showed that both measure time and high BW had effects on SBP and DBP. From model 1 in Table 4 , we could find that the macrosomia group had higher SBP and DBP.
After birth year, sex, mother's occupation, mother's age of delivery and adding weight during pregnancy, hypertension during delivery, gestational age, parity and picky eating in childhood were adjusted, the fetal macrosomia also had effects on SBP, but not on DBP (model 2 in Table 4 ). Further, when BMI in childhood and BMI in adolescence were more adjusted (model 3 in Table 4 ), the fetal macrosomia were also associated with higher SBP. DISCUSSION BW, as a crude measure of fetal nutrition and fetal growth, is one of the most important indexes to explore the fetal origin of high BP. 24 The association between low BW and raised BP in later life has been extensively replicated. 6, 8 How about fetal macrosomia or high BW? In our study, fetal macrosomia was defined as BW X4000 g, and the subjects in the unexposed group were born with normal BW (2500 gpBWo4000 g). After adjustment for a number of covariates in multi-linear model, results showed that fetal macrosomia was associated with higher SBP among adolescents. A case-control study 25 in China including 148 pairs of macrosomia (X4000 g) and normal BW (2500 gpBWo4000 g) infants also found that SBP of macrosomia in age 13-18 years was higher (107 ± 12 mm Hg vs 104 ± 11 mm Hg, Po0.05). Further, Li et al. 26 also found the SBP significantly increased from pre-puberty to early or late puberty among American children with high BW Figure 1 . BP in childhood and in adolescence between the exposed and the unexposed groups.
Fetal macrosomia and blood pressure among adolescents Y Li et al (X4000 g). Moreover, a meta-analysis for adults found that the inverse association between BW and SBP was linear for male subjects, but for female subjects with a BW 44 kg, SBP increased with BW (Po0.01). 27 Our cohort was established at delivery, considering high BW as exposed factor, which could reduce the recall bias. The demographic characteristics of mothers, gestational age and BW were obtained from routine obstetrical records, which were credible and accurate. The unexposed subjects were matched by sex and birthday with fetal macrosomia subjects, which should reduce the confounding variables effectively. The high rates of follow-up, the use of standardized measuring methods should also reduce the likelihood of selection and information bias. The results of this study provide evidence of the effects of high BW on BP; specifically that fetal macrosomia had higher SBP among adolescents. So, combining the previous studies about BW (low 6, 8 or high, 15, 17, 26, 27 or some had almost normal BW 10, 12 ) on BP, we might deduce that the relationship between BW and SBP among adolescents is not a linear negative correlation, but U-shaped.
Moreover, in our study, two multi-models (whether or not including BMI in childhood and BMI in adolescence) were fitted to explore the effects of fetal macrosomia on BP, and the significant effect on SBP were both found in two multi-models, that meant, fetal macrosomia might be an independent risk factor of high SBP among adolescents. About whether BMI had to be adjusted or not when exploring effects of BW, there were some controversies, and the relationship between BW and BP might be different in models, whether or not BMI was adjusted in later life. 12 Richardson et al.
28
found the inverse associations between BW and SBP were limited to males, and the relationship strengthened after adjusting for BMI and other factors. According to the causal diagrams of Hernan et al., 29 the exposure (BW) and outcome (BP) do not share common causes (BMI), so no adjustment for confounding is necessary. However, adjusting BMI might suggest that among children or adolescents who attained the same weight at a given Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure.
Fetal macrosomia and blood pressure among adolescents Y Li et al age, those who were of a higher BW had, on average, higher BP, that is, growth trajectories from conception to childhood or adolescence also might be important for the level of BP. 30 Further, adjusting BMI also might indicate that BW had effects on SBP independent of BMI from the point of statistical view.
Meanwhile, our study found that fetal macrosomia correlated with a slightly higher SBP and DBP in childhood and a statistically significant higher BP in adolescence, which indicated that the effects of macrosomia on BP in adolescence is stronger than that in childhood, which is similar to the results from a meta-analysis about five European birth cohort studies, 31 which found that the size of the birthweight-SBP association in adulthood may be larger than in childhood before adjustment for current body size, although a cohort effect cannot be ruled out. Gamborg et al. 27 also found that the inverse association between BW (o4 kg) and SBP was stronger in the older age groups (Po0.05), although this could have been a birth cohort effect. A meta-analysis for data from diverse populations showed that the evidence for BP tracking from childhood into adulthood is strong. 32 So, early interventions on BW and on the living style of high BW infants are both important.
Fetal macrosomia or high BW had many effects on later life, such as obesity, 33 type 2 diabetes and insulin resistance, 34 endstage renal disease, 13 cardiovascular disease and all-cause mortality, 16, 35 cancer, 36, 37 and other diseases. 38, 39 The fetal origins hypothesis proposes that alterations in fetal nutrition and endocrine status can result in developmental adaptations that permanently change the cells' structure, physiology and metabolism, which named programming, then lead to cardiovascular, metabolic, and endocrine disease in adult life. 5, 40 Burdge et al. 41 thought that high BW or fetal macrosomia might be the expression of over-nutrition in uterus, which could lead to cellular and metabolic programming of fetus. Animal experiments found that the offsprings of pregnant rats with a high-fat diet had a higher risk of obesity and hypertension at the adult stage. 42 Moreover, the appetite of the offsprings of rats increased and glucose tolerance decreased. 43 However, the mechanisms of high BW in later diseases need to be explored further.
However, our study did not measure gestational diabetes or whether the babies had diabetes during delivery, which might be a limitation because diabetes is related to macrosomia and health status in later life. Intrauterine exposure to diabetes, or exposure to undiagnosed and non-treated maternal hyperglycemia during pregnancy could lead to increased fetal insulin levels, resulting in fetal and neonatal macrosomia, 44 and type 2 diabetes in childhood, 45 so as to affect the diabetes and BP in later life. Further, the pubertal stage of subjects was not assessed in this study, which might have some influencing on the BP of adolescents. 6 Moreover, the socioeconomic status in adolescence had not been analyzed in our study. There is also the possibility of confounding by socioeconomic status, although, some studies 12, 31, 46 had found that the associations between BW and adult BP were independent of influences such as smoking, alcohol intake, protein intake and obesity in adult life. So, more studies about fetal macrosomia and BP in adolescents need to be conducted in the future.
CONCLUSION
Fetal macrosomia could significantly increase SBP among Chinese adolescents. 
